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Effect of straw return and rotary tillage on soil physical properties and 
mechanical sowing quality of maize in Central Sichuan 
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Abstract: With continuous development of agricultural science and technology and improvement of ecological and environ- 


mental awareness in China, rational use of crop straw has become an efficient and sustainable agricultural practice. With the 
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rapid development of winter wheat-summer maize rotation system, concerns have grown about the processing of soil barren- 
ness, wheat straw waste and other cultivation issues. Irrespectively, researches targeting purple clay soils have been limited. 
Therefore, an experiment was conducted to determine a suitable straw return and tillage method of mechanically sowed 
maize under wheat-maize double-cropping system in purple soils in hilly areas in Central Sichuan. The study also investi- 
gated the problems of soil fertility and viscosity, sowing conditions and plough layer quality for high yields. The experi- 
ment consisted of four treatments — rotary tillage with straw return (RTS), none-tillage with straw return (NTS), rotary 
tillage without straw return (RT) and none-tillage (NT). The aims of the experiment were to study the effects of tillage pat- 
terns with wheat straw return on physical properties of purple clay soils, and on quality of mechanically sowed summer 
maize in hilly areas in Central Sichuan. The results showed that compared with RT, RTS significantly increased capillary 
porosity in the 0-10 cm soil layer at elongation stage, increased water content in the 0—10 cm soil layer under no-tillage 
treatment for the entire growth period, and significantly reduced the rate of emergence, and uniformity of mechanical sow- 
ing and seedling quality of maize. Compared with NTS, RT reduced soil bulk density and water content in the 0-10 cm 
layer, but increased capillary porosity, emergence rate, seedling height, stem diameter, leaf area and dry mass of mziae. 
Under wheat straw return condition, rotary tillage reduced soil bulk density at the 0-10 cm layer by 2.0%-12.1% as com- 
pared to no-tillage, significantly improved emergence rate (by 17.9%), plants per hill and uniformity of mechanical sowing 
and seedling uniformity of maize. Emergence rate of maize was significantly positively correlated with soil water content of 
the 0-10 cm layer. Both mechanical sowing uniformity and seedlings uniformity were significantly negatively correlated 
with soil bulk density of the 0—10 cm layer. It was thus clear that rotary tillage with straw return improved soil structure, 
increased soil water content, benefited the quality of mechanical sowing and quality of seedlings of maize under winter 
wheat-summer maize cropping pattern in hilly areas in Central Sichuan, China. 

Keywords: Mechanically sowed summer maize; Straw return; Mechanical sowing uniformity; Sowing quality; Seedling quality; 
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R1 2015 FF 2016 FAS MBMEKFES SHCA LELRA BH 
Table 1 Effect of different treatments on soil bulk density of different layers at different growth stages of maize in 2015 and 2016 
gem" 
0~10 cm 10~20 cm 
hE e š s š 
SE ` ee ET vam sam mmm ADM nam RAM 
SC E Jointing Huge bell Tasseling Harvesting Jointing Huge bell Tasseling Harvesting 
stage bottom stage stage stage stage bottom stage stage stage 
2015 RTS 1.26+0.03c 1.33+0.33c 1.53+0.04b 1.46+0.10b 1.40+0.07ab 1.450.11b .67+0.09b 1.48+0.08b 
NTS 1.5340.03b 1.4740.02b 1.6240.02ab 1.58+0.04a 1.53+0.16a 1.50+0.05a .71+0.11a 1.59+0.03a 
RT 1.3340.02be 1.41+0.03be 1.5340.03b 1.4340.05b 1.38+0.13b 1.4640.06ab 1.68+40.09ab 1.49+0.04a 
NT 1.5740.02a 1.60+0.04a 1.60+0.08a 1.61+0.0la 1.4340.10ab 1.53+0.06a .75+0.05a 1.6041.1la 
2016 RTS 1.16+0.03d 1.21+0.06b 1.41+0.06b 1.2740.02b 1.54+0.00b 1.42+0.07b .48+0.04b 1.2740.02b 
NTS 1.32+0.12b 1.34+0.02a 1.44+0.18a 1.36+0.07a 1.59+0.01a 1.52+0.02a .5740.05ab 1.36+0.14a 
RT 1.23+40.02c 1.22+0.13b 1.43+0.07b 1.3940.0 lab 1.5840.02b 1.4740.0S5ab 1.5440.03ab = 1.39+0.09a 
NT 1.4040.05a 1.36+0.1la 1.63+0.01la 1.46+0.04a 1.59+0.16a 1.5340a .59+0.03a 1.4640.04a 


RTS Aft AH he, RT Ati FG Mest, NTS AMA CARH, NTARTRARRH. FA)SFSERTA—FHMFRAUIBE 0.05 
IK k=. RTS: rotary tillage with straw return; RT: rotary tillage without straw return; NTS: no-tillage with straw return; NT: no-tillage 


without straw return. Different lowercase letters denote significant differences among different treatments at 5% level in the same year. 


R2 2015 EF 2016 HARE MEMEKA BME SHCA LAELRE SIRE Sl 


Table 2 Effect of different treatments on soil porosity of different layer at different growth stages of maize in 2015 and 2016 % 
0~10 cm 10~20 cm 
A, 288 AOM ee een ees oe "eeneg 
Jointing Huge bell bottom Tasseling Harvesting Jointing Huge bell bottom Tasseling Harvesting 
stage period stage stage stage period stage stage 
2015 RTS 36.23+0.66b 35.23+0.31la 39.3041.05a 35.74+1.65a 39.3741.44a 36.34+4.73a 35.50£5.97a  36.79+1.39a 
NTS 34.40+40.80ab 31.2740.85ab 38.50+1.2la 33.1043.74ab 37.4743.9la 34.26+1.73a 32.23+6.14a  35.48+0.88a 
RT 34.00+40.37a 34.9741.82a 38.2742.04a 34.2740.66a 39.5042.62a  35.03+0.47a 33.67+4.64a  35.38+2.10a 
NT 33.31+0.75b 31.1040.24ab 38.53+1.78a 30.6049.08b 34.6041.66a  31.3041.06a 31.5742.57a 35.19+1.77a 
2016 RTS 41.3740.35a 41.04+1.41la 44.2640.36a 43.55+40.87a 44.22+1.69a  38.63+0.23a 43.1144.19a  48.9740.72a 
NTS 38.41+1.13b 37.70+1.36c 40.3140.14b 39.78+0.64b 37.9046.13a  37.09+0.60ab 37.84+0.77b — 42.05+4.48b 
RT 40.52+0.34a 39.36+1.30ac 41.85+2.35ab 40.4240.58b 41.0545.46a  36.19+40.45b 41.3242.96ab 39.39+40.31be 
NT 34.34+0.21c 36.4140.32be  39.8542.71b 38.4541.18a 36.5743.05a  35.63+1.47b 37.03+0.52b  36.01+2.75c 


RTS AMAA A eH, RT ARH AHH, 


NTS AACE RH, NT Mattes, Telleren 
0.05 KF LEFT. RTS: rotary tillage with straw return; RT: rotary tillage without straw return; NTS: no-tillage with straw return; NT: 


no-tillage without straw return. Different lowercase letters denote significant differences among different treatments at 5% level in the same year. 
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Table 3 Effect of different treatments on soil moisture of different layer at different growth stages of maize in 2015 and 2016 % 
0~10 cm 10~20 cm 
vor Team en om ren men CE 
Jointing Huge bell Tasseling Harvesting Jointing Huge bell Tasseling Harvesting 
stage bottom stage stage stage stage bottom stage stage stage 
2015 RTS 17.4042.26b 30.5340.99a 15.55+1.95a 33.07+1.02ab 29.20+0.17a 31.9741.13a 23.41+1.05a 33.09+0.59a 
NTS 24.05+0.55a 31.48+1.63a 16.6743.24a  34.9340.68a 27.4740.49a 32.2941.03a 21.02+5.28a 33.5740.71la 
RT 19.07+40.8 Lab 25.3540.58b 16.6541.93a  26.40+0.36c 30.5743.93a 33.3340.36a 21.5242.1la 33.51+1.92a 
NT 22.0340.52ab 26.3242.32b = 16.6144.28a =. 29.58+1.19be 29.2043.21a 30.4043.46a 21.18+3.07a 33.71+0.17a 
2016 RTS 22.81+1.99ab 32.33+0.22b 34.41+0.6la  31.37+1.95a 32.48+0.34a 34.51+0.55a 30.32+0.53b 33.27+1.52a 
NTS 25.96+1.48a 34.69+40.2la  35.3741.7la 32.02+0.46a 37.52+0.33a 37.0443.13a 34.40+1.31la 34.99+1.0la 
RT 18.32+2.07b 29.26+0.70c 31.39+40.36b 25.73+1.58b 33.04+5.43a 34.5740.9la 33.41+1.79a 33.49+0.4la 
NT 21.80+4.52ab 31.52+1.65b 30.71+0.83b 25.20+1.07b 34.91+3.89a 32.88+2.04a 34.35+1.4la 34.55+0.39a 


RTS Aft AH het, RT Ati AE Mest, NTS AMA CARH, NT ARARAARH. FA)SFSRTA—FHMAF A UIBE 0.05 
IKE L=S= A. RTS: rotary tillage with straw return; RT: rotary tillage without straw return; NTS: no-tillage with straw return; NT: no-tillage 


without straw return. Different lowercase letters denote significant differences among different treatments at 5% level in the same year. 
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Table A Effect of different treatments on mechanical sowing quality of maize in 2015 and 2016 


Pa mm HER Ee ths ne l RAR FREM EIIE 
Year E Emergence rate Dew seed Deficiency of ridge Lack of nest Plants per hill Mechanical sowing 
(%) rate (%) (%) (%) uniformity 
2015 RTS 93+8.01a 342.63c 7.5+7.50b 13.04£7.5ab 2.1140.32a 0.8840.01b 
NTS 62+16.51b 34+19.58a 30.0£7.50a 24.147.50a .69+0.17a 0.9940.01a 
RT 97+0.20a 00c 5.0+4.33b 1.9+4.33b .83+0.08a 0.85+0.01b 
NT 88+7.01la 11+1.41b 20.0+4.33a 22.0+4.33a .704£0.28a 0.96+0.01a 
2016 RTS 92+4.71la 342.90a 15.0£7.50be 14.846.42b .77£0.23a 0.5340.00b 
NTS 78+7.10c 144+3.75a 27.5£4.33a 20.143.21a .50+0.07a 0.59+0.00a 
RT 86+4.40b 0+0c 5.0+2.35¢ 12.946.42b .7440.22a 0.5140.01b 
NT 84+4.16b 743.57b 25.0+4.33ab 27.8+5.56a .6740.18a 0.5540.05b 


IKE k=. RTS: rotary tillage with straw return; RT: rotary tillage without straw return; NTS: no-tillage with straw return; NT: no-tillage 


without straw return. Different lowercase letters denote significant differences among different treatments at 5% level in the same year. 
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RS 2015 EF 2016 FA fe] SNE PS ER 4h IR AY EE 
Table 5 Effect of different treatments on seedling traits of maize in 2015 and 2016 
te le Ee o 
Seedling length : ; Root length Leaf area Leaf and stem dry mass Root dry mass 
Year Treatment Seedlings uniformity 2 
(cm) (cm) Lem) (g) (g) 
2015 RTS 35.26+2.21b 14.95+4.57b 21.30+1.96a 07.04+6.24b 0.4340.01b 1.0340.03a 
NTS 26.06+1.58d 11.46+5.97c¢ 15.8942.21b 55.66+45.12c 0.19+0.13¢ 0.68+0.05b 
RT 43.1741.37a 18.2543.37a 19.94+1.62ab 69.74419.61a 0.63+0.06a 0.97+0.01lab 
NT 30.41+2.48c 7.9843.46d 18.69+1.48ab 00.93417.21b 0.3040.02be 0.68+0.01b 
2016 RTS 49.18+5.58a 16.23+1.48b 18.92+0.10c 260.98+30.30c 5.67+0.45b 1.0840.02a 
NTS 38.7743.79b 10.65+1.10c 19.22+0.10a 42.43+21.36d 3.3340.09d 1.0840.01la 
RT 50.04+2.10a 22.2342.52a 18.42+0.19b 486.60+£19.60a 6.64+0.5la 1.07+0.07a 
NT 40.85+0.69b 5.8741.18d 17.3940.10d 395.07+78.03b 4.32+0.54c 1.06+0.05a 


RTS Aft AH het, RT Ati AiG ett, NTS AMA CARH, NTARARAARH. FA)SFSERTA—FHMAF A UIBE 0.05 
IKE L=S2 HX. RTS: rotary tillage with straw return; RT: rotary tillage without straw return; NTS: no-tillage with straw return; NT: no-tillage 


without straw return. Different lowercase letters denote significant differences among different treatments at 5% level in the same year. 


Ro HMMA RABARS 0~10 cm Li MEK 
Fa tE(2016 F) 


Table 6 Correlation of mechanical sowing uniformity and 
seedling quality with 0—10 cm soil physical properties in 2016 
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e -0.70 0.17 0.28 2016 FARK FIORE 0.3 cm, KISHI 0.6 cm, 


Seedling uniformity 


Jk: Bll Feo AK MEK Se SK F (P<0.05) A aR SK FE 
(P<0.01)o * and ** indicate significant correlation at 0.05 and 0.01 


levels, respectively. 


He 7 2015 E40 2016 HAE ME SLEKES 


ISHI 2.6 mm, AEROS 3.6%, AMEH 
2.2%, SIEH 5.6% BALA, het RA 
FASE AR HSS EK E 


KIRAR 


Table 7 Effect of different treatments on grain yield and its components of maize in 2015 and 2016 


ei mm fk BAK FRE FNL AmE FS 
Vedi Treatment Spike length Bare top length Spike diameter Grain number per 100-kernel Grain yield 
(cm) (cm) (mm) spike weight (g) (kg-hm~) 

2015 RTS 16.30+0.95a .3340.41a 44.03+1.96a 571.17+1.40a 22.4642.38b 5 538.114832.55a 
NTS 15.44+0.94a BESSER 44.4140.58a 555.47+2.25ab 20.88+8.50ab 5 380.014671.94a 
RT 15.7540.49a .29+40.52a 42.1742.17a 517.1640.97b 19.87+4.00ab 5 137.33+70.05a 
NT 15.26£0.25a .66+0.18a 44.03+0.05a 508.82+0.92b 18.8644.61a 5 002.76+126.63a 

2016 RTS 20.13+0.69a 0.7740.03c 61.65+3.04a 665.92+31.52a 22.06+1.43a 7 681.8541 202.97a 
NTS 19.3040.46ab .2140.11b 57.56+0.98b 616.33+24.01b 21.8040.74b 6 939.41+807.07b 
RT 19.02+0.43ab .10+0.07b 57.70£1.40b 610.32+47.35b 20.58+0.54b 7 357.35+978.60a 
NT 18.02+1.60b .8740.32a 53.32+1.02c 598.71+447.68c 19.7740.19c 6 679.01+758.29¢ 


RTS Aft AH het, RT Ati AiG Hest, NTS AMA CARH, NT ARARARRH. FA)SFSRTA—FHMFRAUBE 0.05 
IK LES. RTS: rotary tillage with straw return; RT: rotary tillage without straw return; NTS: no-tillage with straw return; NT: no-tillage 


without straw return. Different lowercase letters denote significant differences among different treatments at 5% level in the same year. 
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3 Wt 

PEA Ht MBE Kees, wR 
VENI), AAA RRA, TAHEA 
HERRE, Ces RAKEI AR 
Al, MALERESMA RI. EAEE 
OMG, RAM ESTRERIAX, ART 
AT AY FS A Se SHA A BEJ, BRAM RA 
(CXMB, RARE SE StH BEAB 
SS USA SS MMMEDAAS, ëmze 
FLIRE. KR RALISTLIRA, SMALE 
kA BES LEKDSS, METE 
HEBKRBVFAMMEeE LES KS. RHPA 
Atk SSetrtCHeE, et SOT 
PB EHR, MATDIKADRA km) 
Kess au, eta RF ELIE 
ASASMESIRE, Meanie T ERE 
BS, MESPSATMHLBANHH, TSN. 
TRH TRAM MASSES ST RHE. A 
ARE, ARRAS he UBER MABE 
WKS LRR, mm Henrik, 
Seite RptISzk MMARUFRMESEXK 
FRMKIN EK KEBAME 0~10 cm DIS E 
+E, 10~20 cm LBRMAB ED 

AFA FERES ARR ERA 
HHS IMS ER E EE EK Aid 
ao Matis BRS 7 AP RAS EK 
SMAAK IME: Stee alSk 
RHA, PRM EKHRE EMA! Ss 
Spee, MARIER AR 
MIEN SMS LIWEEKDRAM, wey 
D8IISpeH MFA ASM, ënn 
Rey, BSESEKE RAHA SIEM, HARK, 
FHRS, p ih E E E a E A EE 
LEREZ, sti Iesz MERRER 
ERRAZ, MERT SIS E EAN 
ST, HAAMER Gd BEERA 
EEREN RE, —ERE Enh 
Pith thes, QHARIEMHNMA, TARE 
FIAJ, AAIFRREKNERe, Al 
NRA SN RPI, mell Ski EE 
ik. MAHEK SRW ARH eB eH 
DEEN At BHA AR SR EH 
BP Siet kein a (Ehime SE 
KUSS REST AARAA mE AE 


2M. A, MURAI, Remit SFT BY 
ARM, PMRRT CAM PEFR AR elm, A 
mie a RON SA mol. 


4 Zë 


SRC RRTEAS, MESA 
HIE 0~10 cm HIRE STUREES 5.6%, RHA 
FPA A RAIA LIKES 8.0%~27.1% SE 
ARAREAR, SHAMIL, eo T ER 
EME, DRAB RP REE 2.0%~12.1%, E 
KU SES 18.0%, ANNEER EH RSA 
HSE, ANGMSEKORRA,. THRs 
RS, PERMIERA SABRE, Wit 
IEA BA RE 0.6%~14.0%, LHESIARE 
$271 1.6%~18.0%, BK Stew 2.4% SARA 
DS Dee EKNARK, IS 
IS EKBK,. Gmauoiuse "Er SRM 
15.0%. WAHAI IA BME REN SS TIRE, te 
BLA, oa rte SAS E Sch 
Suë Steph. JWFSEKRBNE 
K, rer, oi SARA teuer 
FIIPRERBK)S- SEKHBRAMBEKRS 
A E RARI HE o 
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